Data is available from the Northern Finland Birth Cohort (NFBC) for researchers who meet the criteria for accessing confidential data. Please, contact NFBC project center (<NFBCprojectcenter@oulu.fi>) and visit the cohort website ([www.oulu.fi/nfbc](http://www.oulu.fi/nfbc)) for more information.

Introduction {#sec006}
============

Stroke is the second largest cause of death and third largest cause of disability, accounting for 10% of the disease burden in the world\[[@pone.0225909.ref001]\]. While the overall incidence of stroke is declining in developed countries, the incidence of stroke among people under 50 years of age, is increasing\[[@pone.0225909.ref001]--[@pone.0225909.ref004]\]. Of all strokes, about 80% are ischemic and 20% haemorrhagic. However, the proportion of haemorrhagic strokes, i.e. intracerebral haemorrhage (ICH) and subarachnoid haemorrhage (SAH), is higher among people under 50 years of age\[[@pone.0225909.ref005]\] About a quarter of ischaemic strokes and half of haemorrhagic strokes occur in people younger than 65 years of age\[[@pone.0225909.ref006]\]. Young stroke patients usually have better outcome after stroke than older patients\[[@pone.0225909.ref007],[@pone.0225909.ref008]\]. Nonetheless, the risk for recurrent strokes and other cardiovascular events remain high among young stroke patients even for decades after the first stroke\[[@pone.0225909.ref009],[@pone.0225909.ref010]\].

Smoking is a well-known risk factor for stroke both under and over 50 years of age\[[@pone.0225909.ref011],[@pone.0225909.ref012]\], causing about one fifth of the total stroke burden\[[@pone.0225909.ref013]\]. The stroke risk is especially associated with current smoking, with a clear decline in stroke risk among individuals who quit smoking\[[@pone.0225909.ref014],[@pone.0225909.ref015]\]. Previous studies have also shown a dose-dependent association between smoking and risk of stroke\[[@pone.0225909.ref016],[@pone.0225909.ref017]\]. However, it is not known to what extent the association is different depending on the age at which smoking started or ended. Previous studies concerning adolescence smoking and stroke risk have assumed the smoking behavior to remain stable during the life course\[[@pone.0225909.ref018],[@pone.0225909.ref019]\]. Nonetheless, it has been shown that after adolescents initiate smoking, they have diverse smoking trajectories\[[@pone.0225909.ref020]--[@pone.0225909.ref023]\].

Previous studies on smoking and risk of stroke have been collected retrospectively or had a follow-up period less than 50 years, and therefore have not been able to study the association between smoking trajectories and stroke risk throughout the life course\[[@pone.0225909.ref024]--[@pone.0225909.ref027]\]. The risk estimates for stroke may be dependent on the length of follow-up and age when smoking was measured. In a previous study of different risk factors of stroke, the effect of smoking on stroke risk depended on the follow-up time\[[@pone.0225909.ref028]\]. Previous studies suggest that the effect of smoking on stroke risk seems to be greater at younger age\[[@pone.0225909.ref029]\]. However, previous studies have included only adult subjects, and therefore, have not been able to study the effect of smoking on stroke risk starting from adolescence. For stroke prevention, it is important to investigate the life course smoking trajectories and stroke risk especially at young age.

Aims {#sec007}
====

We aimed to examine the relationship between 1) smoking trajectories, 2) smoked pack-years, and 3) starting and ending age of smoking, and the risk of ischemic or non-traumatic haemorrhagic stroke in a prospective population-based birth cohort study in Finland. A group-based trajectory modelling technique was used to investigate the smoking trajectories from 5 to 46 years of age, capturing the entire developmental course of smoking on the stroke risk at young age.

Methods {#sec008}
=======

Design and population of the study {#sec009}
----------------------------------

The study population is the Northern Finland Birth Cohort 1966 (NFBC1966), an unselected population-based birth cohort containing data on 12,058 babies born alive in the Finnish provinces of Oulu and Lapland with an expected date of birth in 1966. Permission to gather data was obtained from the Ministry of Social Affairs and Health, and the study was approved by the Ethical Committee of Northern Ostrobothnia Hospital District in Oulu, Finland. Data protection was scrutinized by the Privacy Protection Agency of Finland. Informed consent was inquired from all the participants. Subjects who declined use of their data (n = 59) were excluded from the study. Reasons why participants declined use of their data were unknown. The sample for the current study included 11,999 subjects who were followed from birth date to their first stroke, death, moving permanently abroad, or to 31^st^ of December 2015. The mean follow-up time per participant was 45.2 years (standard deviation (SD) 12.0 years), and the median follow-up time 49.4 years. The 17 persons who moved abroad and whose moving date was not known were assumed to be followed until end of 2015.

Data collection of NFBC1966 started in the year 1965 when the mothers were pregnant. Data on the individuals born into this cohort, and on their parents, were collected since the 24th gestational week. At the age of 14 years the first follow-up was conducted by a postal questionnaire concerning cohort members' growth, health, living habits, school performance and family situation (n = 11,010; 93.6%). At the age of 31 years a postal questionnaire (n = 8,767; 77.4%) and a clinical health examination (n = 6,033; 71.3%) were conducted for cohort members to study their health, physical performance capacity, occupation and working history, use of public health services, and living habits. The same factors were assessed also at age 46 years with a postal questionnaire (n = 6,868; 66.5%) and a clinical examination (n = 5,861; 56.7%). Reasons for non-participation later in the study were unknown. Existing nationwide registers, *i*.*e*. Care Register for Health Care, Causes of Death Register, and register of medication reimbursement, were linked to questionnaire and clinical examination data with personal identification numbers. The linkage was fully complete for stroke diagnoses.

Smoking {#sec010}
-------

Smoking was the studied exposure in this study. Smoking habits of subjects were asked in questionnaires at ages 14, 31, and 46 years. At age 14 the smoking habit was asked with options *'I have never tried'*, *'I tried once'*, *'I have tried twice or more'*, *'I smoke occasionally'*, *'I smoke about twice a week'*, *'I smoke 1--5 cigarettes daily'*, *'I smoke 6--10 cigarettes daily'*, and *'I smoke more than 10 cigarettes daily'*. Persons smoking twice per week or more were categorized to be smoking at that age. At age 31 and 46, smoking status assessment was based on standards of the Finland Cardiovascular Risk (FINRISK) study and its four smoking-related questions ('*Have you ever smoked*?', '*Have you ever smoked regularly*, *almost daily for at least a year*?', '*Do you smoke now*?' and '*When was the last time you smoked*?'). Those who answered 'yes' to a question 'Do you smoke now?' were considered to be smoking at that age. The starting and ending ages of smoking were asked both at age 31 and 46. The 31 years follow-up assessment was selected as the primary source for data on smoking starting age and the 46 years follow-up assessment was used as the primary source for data on smoking ending age to reduce recall bias. The binary smoking status of each year in persons' life, except for ages 14, 31, and 46, was calculated from the smoking starting and ending ages. This information was used in the trajectory model together with binary smoking status for ages 14, 31, and 46 which were collected from questionnaires.

Smoked pack-years by age 31, between ages 31 and 46, and by age 46 were calculated from questionnaires at ages 31 and 46. Calculation of pack-years was based on information on smoking starting and ending ages and the question *'How much per day do you usually smoke now or smoked before you gave up smoking*?*'*. Number of years each subject had smoked were calculated by subtracting starting age from ending age.

Strokes {#sec011}
-------

Stroke was the outcome variable of this study. Strokes were identified from national Care Register for Health Care or Causes of Death Register and classified by primary diagnosis ([Table 1](#pone.0225909.t001){ref-type="table"}). Ischemic stroke and transient ischemic attack (TIA) were considered as 'ischemic strokes' and SAH and ICH as 'haemorrhagic strokes'. For analyses of any stroke type, ischemic strokes, haemorrhagic strokes, and other cerebrovascular diseases were combined. Traumatic SAH, traumatic ICH, epidural hematoma or subdural hematoma were not included in the series. The diagnostic coding has been based on the WHO international classification of diseases (ICD) in Finland since 1967\[[@pone.0225909.ref030]\]. Subjects having two or more stroke diagnoses were classified by primary diagnosis.

10.1371/journal.pone.0225909.t001

###### Classification of strokes according to International Classification of Diseases 8, 9 and 10.
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                                   ICD-8 codes   ICD-9 codes   ICD-10 codes
  -------------------------------- ------------- ------------- ----------------------------
  SAH                              430           430           I60, I69.0
  ICH                              431           431           I61, I69.1
  IS                               432--434      433--434      I63, I69.3
  TIA                              435           435           G45
  Other cerebrovascular diseases   436--438      436--438      I64-I68, I69.4, I69.8, G46
  Years used in Finland            1967--1986    1987--1995    1996-

ICD = International Classification of Diseases, SAH = subarachnoid haemorrhage, ICH = intracerebral haemorrhage, IS = ischemic stroke, TIA = transient ischemic attack. Stroke syndromes (ICD-9 code 438; ICD-10 code G46) were classified according to etiological sub-code (ICD-9 codes 430--437; ICD-10 codes I60-I67) or as other cerebrovascular diseases if sub-codes were not present.

Subjects were also asked in the 46-years follow-up questionnaire if they had a stroke diagnosed by a physician. Self-reported strokes were classified as other cerebrovascular diseases if the subject did not have diagnoses in registers (n = 13). The age of stroke onset was not known for the subjects with self-reported stroke who were not present in registers.

Covariates {#sec012}
----------

Information on covariates was collected from follow-up questionnaires, clinical examinations, and national registers at age of 46 years. Educational level was classified into basic (≤ 9 years; comprehensive school), secondary (9--12 years; upper secondary school or vocational school) and tertiary (\> 12 years; university or university of applied sciences) education by the highest self-reported education achieved in the questionnaire. The family history of strokes among 1^st^ degree relatives was also self-reported in the questionnaire. Leisure-time physical activity was measured as how many hours exercise the subject had per month according to questions *'How often do you exercise on your leisure-time a) with low intensity and b) with high intensity'* and *'What is the duration of each exercise a) with low intensity and b) with high intensity'*. Both low and high intensity exercises were considered equally. Weight and height were measured during the clinical examination and asked with the postal questionnaire. BMI (kg/m^2^) was calculated from weight and height using the measured values as primary source. Daily mean alcohol consumption (g/day) was calculated from self-reported questionnaire data.

Hypertension was defined as having a mean of measured systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, self-reported diagnosis of hypertension, or using antihypertensive medication (ATC codes C02 antihypertensives, C03 diuretics, C07 beta blocking agents, C08 calcium channel blockers, and C09 agents acting on the renin-angiotensin system) according to national register of medication reimbursement. The presence of hypercholesterolemia was noted in case of triglyceride level \> 2.0 mmol/l, LDL-cholesterol \> 3.0 mmol/l, HDL cholesterol \< 1.0 mmol/l, or in case of current lipid-lowering therapy (ATC code C10 lipid modifying agents) in register. Diabetes mellitus was diagnosed in the presence of fasting blood glucose level ≥ 7.0 mmol/l, blood glucose level of ≥ 11.1 mmol/l after two hours 75g oral glucose tolerance test, HbA~1C~ ≥ 48 mmol/mol (6.5%), self-reported type 1 or type 2 diabetes, or by the use of antidiabetic therapy (ATC code A10 drugs used in diabetes) in register.

Statistical analyses {#sec013}
--------------------

Multiple imputation was used to impute missing data for independent variables of planned analyses. It included independent variables (smoking status and smoked pack-years), covariates, outcome variables and other variables used only as predictors for multiple imputation. The outcome variables for stroke diagnoses were complete for all 11,999 subjects and were not imputed. All 35 variables included in the multiple imputation procedure and rates of missing data for each variable are listed in [S1 Table](#pone.0225909.s001){ref-type="supplementary-material"}. Data were missing both due to loss of follow-up of subjects and due to missing measurements of available subjects. The overall amount of incomplete data was 27.5%, and therefore, multiple imputation was conducted 30 times. Data were assumed to be missing at random. Model for scale variables was linear regression and for nominal variables logistic regression. The pooled results were reported in the analyses. IBM SPSS Statistics 24 were used for multiple imputation.

To reveal latent trajectories in the smoking data, SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and the PROC TRAJ latent class growth modelling (LCGM) macro\[[@pone.0225909.ref031],[@pone.0225909.ref032]\] were used. LCGM is semi-parametric modelling approach which aims to detect classes of individuals which share a similar pattern of change (*i*.*e*. trajectory) over time\[[@pone.0225909.ref033]\]. Information on smoking status for each age between 5 and 46 years were used in trajectory modelling. Due to binary data (smoking vs. non-smoking), we used the logit-based (LOGIT) model in the PROC TRAJ. Models with one to seven trajectory classes were tested, and the selection of six trajectory classes as the most suitable model was based on the following measures of model adequacy which are shown for each tested model in Results [Table 2](#pone.0225909.t002){ref-type="table"}: 1) Bayesian Information Criterion (BIC) and Akaike Information Criterion (AIC), where lower absolute values indicate better fit of data; 2) the Bayes Factor (B~10~) and the log form of the Bayes Factor (2log~e~(B~10~) ≈ 2(ΔBIC)), where ΔBIC is the BIC of the alternative (*i*.*e*. more complex) model less the BIC of the null (*i*.*e*. less complex) model; 2log~e~(B~10~) is interpreted as the degree of evidence favoring the alternative model (\> 6 indicates strong evidence against the null model); 3) posterior membership probabilities, where class averages of \> 0.70 are considered acceptable; and 4) absolute and relative class sizes, also taking into consideration the subsequent analyses\[[@pone.0225909.ref031]--[@pone.0225909.ref034]\]. After the best model was selected, each subject was assigned to the trajectory class with the highest posterior membership probability\[[@pone.0225909.ref032],[@pone.0225909.ref033]\]. The reference group with lowest smoking prevalence was named as 'non-smokers', even though some individuals in that smoking trajectory class had smoked during their life.

10.1371/journal.pone.0225909.t002

###### Model fit parameters of trajectory models with 1--6 classes.
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  Number of Classes   AIC           BIC           Null Model   2log~e~(B~10~)   Sample size (%)               Average posterior probability
  ------------------- ------------- ------------- ------------ ---------------- ----------------------------- -------------------------------
  1                   -8285640.11   -8285661.96   \-           \-               100                           1.00
  2                   -5200634.25   -5200685.23   1            6169953.46       73.6/26.4                     1.00/0.99
  3                   -3785208.66   -3785288.76   2            2830792.94       36.3/40.1/23.6                0.99/0.99/1.00
  4                   -3487005.04   -3487114.27   3            596348.98        34.8/35.5/11.4/18.3           0.99/0.99/0.97/1.00
  5                   -3276003.76   -3275865.40   4            422497.74        34.7/35.8/9.7/15.7/4.1        0.98/0.99/0.98/0.99/0.96
  6                   -3105916.25   -3106083.74   5            339563.32        27.6/27.8/9.2/16.6/10.8/8.0   0.97/0.99/0.98/0.97/0.98/0.95

AIC = Akaike information criterion, BIC = Bayesian information criterion, B~10~ = Bayes factor, 2log~e~(B~10~) = The log form of the Bayes factor; interpreted as the degree of evidence favoring the alternative model (\> 6 indicates strong evidence against the null model)\[[@pone.0225909.ref031]\], n.a. = not applicable. Sample size showed per class based on most likely class membership. Average posterior probability for individuals belonging to the respective class. The seven-class model failed to converge.

Difference in mean age of onset between ischemic and haemorrhagic strokes was studied with independent samples t-test. The incidences of strokes according to smoking trajectory classes were calculated. The associations (hazard ratios (HR) with 95% confidence intervals (95% CI)) between smoking trajectory classes, smoked pack-years, starting age of smoking and ending age of smoking with stroke risk were estimated using Cox regression models. The analyses of smoking trajectory classes and of smoked pack-years and stroke risk were adjusted for sex, educational level, family history of strokes, leisure-time physical activity, BMI, alcohol consumption, and presence of hypertension, hypercholesterolemia, and diabetes. Starting age and ending age of smoking were studied only among ever-smokers (n = 8941) and the analyses were adjusted for smoked pack-years by age of 46 years to detect possible sensitive time period of smoking. The follow-up time in all Cox regression analyses started from birth. Subjects were censored at date of stroke, date of death, or end of study (31^st^ of December 2015). IBM SPSS Statistics 24 were used for these statistical analyses.

Results {#sec014}
=======

The summed amount of years cohort members were followed up from their birth date until the end of follow-up period was in total 542,140 person-years. Model fit parameters of trajectory models with 1--7 classes are presented in [Table 2](#pone.0225909.t002){ref-type="table"}. The seven-class model failed to converge. The six-class model provided the most appropriate interpretation of the data showing better fit than models with 1--5 classes and having sufficient number of participants in each class. In the six-class model, the first smoking trajectory class were 'non-smokers' (n = 3223, 26.9% of 11,999) and were used as the reference group in the analyses. Class 2 included 'quitters in their twenties' (mean smoking age 16--26 years, n = 2034, 17.0%), class 3 included 'quitters in their early thirties' (mean smoking age 16--31 years, n = 3356, 28.0%), class 4 included 'quitters in their middle thirties' (mean smoking age 17--34 years, n = 1128, 9.4%), class 5 included 'quitters in their forties' (mean smoking age 18--43 years, n = 961, 8.0%), and class 6 included 'continuing smokers' (n = 1297, 10.8%). The starting ages of smoking were similar in all trajectory classes, and the trajectory classification was based mainly on the ending ages of smoking ([Fig 1](#pone.0225909.g001){ref-type="fig"}).

![Six smoking trajectory classes.](pone.0225909.g001){#pone.0225909.g001}

In total 8941 (74.5%) cohort members had smoked at some point in their lives. Of them, 779 were considered as non-smokers in the smoking trajectory model, resulting in 8162 persons (68.0%) who had smoked regularly. Mean starting age of smoking was 16.5 years (standard error 0.21 years). The presence of stroke risk factors, means of smoked pack-years by age 31 and 46, means of smoked years, and means of starting and ending age of smoking in each trajectory class are shown in the [Table 3](#pone.0225909.t003){ref-type="table"}. Logically, subjects with longer smoking history had more smoked pack-years than those with shorter history.

10.1371/journal.pone.0225909.t003

###### Basic characteristics of six smoking trajectory classes according to 46-years follow-up.
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                                          All (N = 11999)   Non-smokers (n = 3223)   Quitters in their twenties (n = 2034)   Quitters in their early thirties (n = 3356)   Quitters in their middle thirties (n = 1128)   Quitters in their forties (n = 961)   Continuing smokers (n = 1297)
  --------------------------------------- ----------------- ------------------------ --------------------------------------- --------------------------------------------- ---------------------------------------------- ------------------------------------- -------------------------------
  **Female sex**                          5860 (48.8%)      1870 (58.0%)             1029 (50.6%)                            1447 (43.1%)                                  464 (41.1%)                                    430 (44.7%)                           622 (48.0%)
  **Basic education**                     1094 (9.1%)       182 (5.6%)               199 (9.8%)                              461 (13.7%)                                   98 (8.7%)                                      49 (5.1%)                             104 (8.0%)
  **Secondary education**                 8387 (69.0%)      2040 (63.3%)             1419 (69.8%)                            2365 (70.5%)                                  817 (72.4%)                                    727 (75.7%)                           1019 (78.6%)
  **Tertiary education**                  2519 (21.0%)      1001 (31.1%)             417 (20.5%)                             530 (15.8%)                                   213 (18.9%)                                    185 (19.3%)                           174 (13.4%)
  **Family history of stroke**            1912 (15.9%)      496 (15.4%)              339 (16.7%)                             528 (15.7%)                                   186 (16.5%)                                    156 (16.2%)                           208 (16.0%)
  **Hypertension**                        4769 (39.7%)      1234 (38.3%)             767 (37.7%)                             1355 (40.4%)                                  476 (42.2%)                                    396 (41.2%)                           542 (41.8%)
  **Hypercholesterolemia**                6926 (57.7%)      1821 (56.5%)             1169 (57.7%)                            2008 (59.8%)                                  685 (60.7%)                                    525 (54.6%)                           718 (55.4%)
  **Diabetes**                            840 (7.0%)        178 (5.5%)               130 (6.4%)                              274 (8.2%)                                    98 (8.7%)                                      63 (6.6%)                             97 (7.5%)
                                          Mean (SE)         Mean (SE)                Mean (SE)                               Mean (SE)                                     Mean (SE)                                      Mean (SE)                             Mean (SE)
  **Physical activity (hours / month)**   33.7 (SE 0.88)    36.2 (SE 0.78)           35.0 (SE 1.31)                          33.1 (SE 1.71)                                33.4 (SE 1.52)                                 31.9 (SE 1.06)                        28.7 (SE 0.86)
  **BMI (kg/m**^**2**^**)**               27.1 (SE 0.06)    26.6 (SE 0.10)           27.0 (SE 0.14)                          27.3 (SE 0.11)                                27.7 (SE 0.18)                                 27.2 (SE 0.16)                        27.1 (SE 0.14)
  **Alcohol consumption (g/day)**         11.0 (SE 0.38)    7.1 (SE 0.37)            9.7 (SE 0.58)                           12.8 (SE 0.69)                                12.3 (SE 0.76)                                 13.4 (SE 0.68)                        15.4 (SE 0.59)
  **Pack-years by age 31**                4.3 (SE 0.09)     0.5 (SE 0.09)            3.0 (SE 0.19)                           5.9 (SE 0.19)                                 5.7 (SE 0.35)                                  5.9 (SE 0.28)                         9.0 (SE 0.22)
  **Pack-years by age 46**                7.8 (SE 0.70)     1.6 (SE 0.53)            5.7 (SE 0.89)                           9.7 (SE 1.15)                                 9.4 (SE 0.93)                                  11.6 (SE 0.60)                        17.5 (SE 0.42)
  **Years smoked**                        16.7 (SE 0.50)    7.6 (SE 1.78)            10.0 (SE 0.83)                          14.2 (SE 0.54)                                18.0 (SE 0.92)                                 25.0 (SE 0.98)                        31.0 (SE 0.40)
  **Starting age**                        16.5 (SE 0.21)    18.9 (SE 0.50)           16.1 (SE 0.26)                          16.4 (SE 0.19)                                16.5 (SE 0.30)                                 18.4 (SE 0.19)                        14.6 (SE 0.07)
  **Ending age**                          33.2 (SE 0.57)    26.2 (SE 2.04)           26.0 (SE 0.97)                          30.6 (SE 0.62)                                34.4 (SE 0.95)                                 43.4 (SE 1.10)                        45.5 (SE 0.36)

The characteristics are reported for imputed data with no missing values. SE = standard error, kg/m^2^ = kilograms per square-meter, g/day = grams per day.

During the follow-up period, 352 (2.9%) persons had a stroke resulting in an incidence of 64.9/100,000 person-years ([Table 4](#pone.0225909.t004){ref-type="table"}). The incidences were similar between women (65.4/100,000 person-years) and men (64.4/100,000 person-years). Of all strokes, 113 (32.1%) were permanent ischemic strokes, 108 (30.7%) were TIAs, 59 (16.8%) were SAHs, 26 (7.4%) were ICHs, and 46 (13.1%) were other cerebrovascular events. The mean age of stroke onset was different between ischemic stroke (42.5 years, SD 6.8) and haemorrhagic stroke (37.3 years, SD 11.4) with mean difference of 5.2 years (95% CI 2.64--7.86).

10.1371/journal.pone.0225909.t004

###### Incidences and hazard ratios of stroke according to six smoking trajectory classes, pack-years, and smoking starting and ending age.
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                                            Stroke                                         Ischemic stroke (including IS and TIA)   Haemorrhagic stroke (including SAH and ICH)                                                                                  
  ----------------------------------------- ---------------------------------------------- ---------------------------------------- --------------------------------------------- ------------------- ------------ ------ ------------------- ----------- ------ -------------------
  **All (N = 11999)**                                                                                                                                                                                                                                            
                                                                                           352 (2.9%)                               64.9                                          n.a.                221 (1.8%)   40.8   n.a.                85 (0.7%)   15.7   n.a.
  **Smoking exposure trajectory classes**                                                                                                                                                                                                                        
                                            Non-smokers (n = 3223)                         76 (2.4%)                                49.6                                          ref.                53 (1.6%)    34.6   ref.                11 (0.3%)   7.2    ref.
                                            Quitters in their twenties (n = 2034)          52 (2.6%)                                58.8                                          1.14 (0.73--1.78)   31 (1.5%)    35.1   1.01 (0.57--1.80)   13 (0.6%)   14.7   1.90 (0.60--5.98)
                                            Quitters in their early thirties (n = 3356)    105 (3.1%)                               72.7                                          1.44 (0.94--2.20)   64 (1.9%)    44.3   1.30 (0.78--2.15)   32 (1.0%)   22.1   2.73 (1.12--6.65)
                                            Quitters in their middle thirties (n = 1128)   31 (2.7%)                                65.1                                          1.26 (0.65--2.44)   18 (1.6%)    37.8   1.05 (0.45--2.48)   10 (0.9%)   21.0   2.28 (0.66--7.89)
                                            Quitters in their forties (n = 961)            31 (3.2%)                                68.4                                          1.28 (0.73--2.24)   18 (1.9%)    39.7   1.10 (0.55--2.23)   10 (1.0%)   22.1   2.42 (0.83--7.02)
                                            Continuing smokers (n = 1297)                  57 (4.4%)                                90.3                                          1.69 (1.10--2.60)   38 (2.9%)    60.2   1.73 (1.03--2.91)   9 (0.7%)    14.3   1.49 (0.50--4.45)
  **Smoked pack-years**                                                                                                                                                                                                                                          
                                            Per pack-year by 31                            n.a.                                     n.a.                                          1.04 (1.02--1.06)   n.a.         n.a.   1.03 (1.00--1.06)   n.a.        n.a.   1.07 (1.04--1.11)
                                            Per pack-year 31--46                           n.a.                                     n.a.                                          1.07 (1.04--1.10)   n.a.         n.a.   1.08 (1.04--1.12)   n.a.        n.a.   1.06 (0.99--1.13)
                                            Per pack-year by 46                            n.a.                                     n.a.                                          1.04 (1.03--1.06)   n.a.         n.a.   1.04 (1.03--1.06)   n.a.        n.a.   1.04 (1.02--1.07)
  **Starting and ending age of smoking**                                                                                                                                                                                                                         
                                            Starting age in years                          n.a.                                     n.a.                                          0.99 (0.94--1.04)   n.a.         n.a.   1.01 (0.94--1.08)   n.a.        n.a.   0.94 (0.85--1.05)
                                            Ending age in years                            n.a.                                     n.a.                                          0.99 (0.97--1.01)   n.a.         n.a.   0.99 (0.96--1.02)   n.a.        n.a.   0.98 (0.94--1.02)

Cox regression models of smoking exposure trajectory groups classes and of smoked pack-years were adjusted for sex, educational level, family history of strokes, physical activity, BMI, alcohol consumption, and presence of hypertension, hypercholesterolemia, and diabetes. Starting age and smoking ending age of smoking were studied only among ever-smokers and were adjusted for smoked pack-years by age of 46 years. Pack years, starting age, and ending of smoking were studied as continuous variables, and results are shown as HRs per pack year or increase of one year in starting or ending age. IS = ischemic stroke, TIA = transient ischemic attack, SAH = subarachnoid haemorrhage, ICH = intracerebral haemorrhage, No. = number, HR = hazard ratio, 95% CI = 95% confidence interval, n.a. = not applicable, ref = reference group.

Association between smoking habits and risk of stroke {#sec015}
-----------------------------------------------------

The incidences and covariate-adjusted HR for any stroke, ischemic stroke, or haemorrhagic stroke according to smoking trajectory classes are shown in the [Table 4](#pone.0225909.t004){ref-type="table"}. Continuing smokers had HR of 1.69 (95% CI 1.10--2.60) to have any kind of stroke when compared to non-smokers. The trajectory class 'quitters in their early thirties' had an increased risk of stroke (HR 1.44; 95% CI 0.94--2.20), in particular haemorrhagic stroke (HR 2.73; 95% CI 1.12--6.65) when compared to non-smokers.

Smoked pack-years were associated with risk of any stroke, ischemic stroke, and haemorrhagic stroke ([Table 4](#pone.0225909.t004){ref-type="table"}). For every pack-year smoked before the age of 46, the risk of stroke was 1.04 times higher (95% CI 1.03--1.06). Starting or ending ages of smoking were not associated with stroke risk (HR 0.99; 95% CI 0.94--1.04 and HR 0.99; 95% CI 0.97--1.01, respectively).

Discussion {#sec016}
==========

In this study we found that a smoking trajectory of continuing smoking was associated with an increased risk of stroke and that a smoking trajectory of those who quit smoking in their early thirties was associated with increased risk for haemorrhagic stroke when compared to non-smokers. Further, the number of smoked pack-years was associated with risk of stroke. We did not find associations between smoking starting age or ending age and stroke risk.

The results of this study show that accumulation of smoked pack-years might be more crucial to stroke risk than starting or ending age of smoking. This suggests that the harmful effects of smoking depend on dose and duration of smoking and are irrespective of age when smoking occurred. In this present study, the intensity of smoking, e.g. daily cigarette consumption, was not studied separately from pack-years. A previous study examining young women found that not the duration of smoking but the dose of daily smoking and smoked pack-years were strongly associated with increased risk for ischemic stroke\[[@pone.0225909.ref016]\]. Another previous study also showed the association between smoking and risk of stroke to be dose-dependent\[[@pone.0225909.ref017]\]. The findings of this study and previous studies suggest that measuring pack-years may be optimal when assessing the smoking-related stroke risk. In a previous Finnish study comparing different ways to estimate longitudinal risk factors for cardiovascular disease mortality, a model representing lifetime accumulation of smoking had better predictive ability than a model using only the most recent measured information of smoking status\[[@pone.0225909.ref035]\].

In this study, smoking trajectory of continuing smoking was related to stroke risk, but also to higher amount of pack-years. High amount of pack-years increased the stroke risk, and this association might be irrespective of the smoking trajectory. We did not adjust analyses of smoking trajectories and stroke risk with pack-years to avoid multicollinearity. Other trajectories than continuing smoking represented smoking histories where participants quit smoking during follow-up. It is known that stroke risk declines when an individual quits smoking\[[@pone.0225909.ref014],[@pone.0225909.ref015]\]. Previous studies investigating the associations between smoking and preconditions for stroke risk have found that harmful arterial changes among those who quitted smoking reversed into similar levels to those who never smoked\[[@pone.0225909.ref036]\]. In the Bogalusa Heart Study, the duration of smoking years since childhood, but not smoking at age 8 to 17, was associated with changes in arterial thickness that can be considered as a preclinical marker to ischemic stroke risk\[[@pone.0225909.ref037]\]. Furthermore, a recent study showed that the effect of adolescence smoking on future stroke risk might be lower than expected from previous studies, due to previous studies' failure to follow the changes in smoking habits after baseline testing\[[@pone.0225909.ref038]\]. The current study was able to follow the changes in smoking habits from childhood to adulthood.

In the current study we also found that smoking trajectory of those who quitted smoking in their early thirties was associated with an increased risk for haemorrhagic stroke in particular. This suggests that there might be sensitive period during adolescence and young adulthood when susceptibility for effects of smoking is greater than in later life and that the timing of smoking might play a role in development of haemorrhagic stroke risk. Nonetheless, it should be noted that mean age of onset of haemorrhagic strokes, in particular subarachnoid haemorrhages, is younger than that of ischemic strokes which might partly explain the finding\[[@pone.0225909.ref039]--[@pone.0225909.ref042]\]. Future studies are needed to investigate if early smoking associates to haemorrhagic strokes despite the smoked pack-years.

This current study had some limitations. The main limitation of this study was that the age intervals of follow-up questionnaires (14, 31, and 46 years) were rather long apart. Smoking status was asked only in these three time points and was estimated for the remaining age points that were used in smoking trajectory model (between 5 and 46 years) based on starting and ending age. To reduce recall bias due to gaps between follow-up questionnaires, the 31 years follow-up assessment was selected as the primary source for data on smoking starting age and the 46 years follow-up for smoking ending age.

Second, in this population most smokers started smoking around the same age. In the six-class smoking trajectory model the mean starting ages were similar in all classes. Therefore, the trajectories mainly represent the ending age and the duration of smoking, and no comparisons between classes with same duration but different starting and ending age of smoking could be made. Some trajectory classes, e.g. quitters in their early thirties and quitters in their middle thirties, were similar to each other with respect to starting and ending age of smoking and smoked pack years. This might challenge the clinical interpretation of the results.

As another limitation, the sample sizes of the stroke groups (e.g. the group of haemorraghic strokes) were rather small, which might have underpowered this study to detect differences. Stroke at young age is a rare phenomenon\[[@pone.0225909.ref042]\], and despite the relatively high incidence of in particularly subarachnoid haemorrhages in Finland\[[@pone.0225909.ref039],[@pone.0225909.ref043]\], and the large number of person-years in this follow-up study, only 352 people had a stroke. Furthermore, due to the limited number of stroke cases, different subtypes of ischemic or haemorrhagic strokes were not studied separately. Previous studies have shown that smoking increases especially the risk of SAH and ischemic stroke but might not increase the risk of ICH\[[@pone.0225909.ref017],[@pone.0225909.ref044]--[@pone.0225909.ref046]\]. Additionally, it should be noted that use of smokeless tobacco was not studied, though it might increase the stroke risk\[[@pone.0225909.ref047]\].

A further limitation of this study is the loss to follow-up in clinical and questionnaire surveys that assessed the smoking status and covariates. In addition to loss to follow-up of subjects, there were missing measurements of available subjects, and in total 27.5% of all original data were missing. The multiple imputation method was used in this study to complete the missing data of smoking statuses and covariates, as it reduces selection bias due to selective loss to follow-up, and also increases statistical power\[[@pone.0225909.ref048],[@pone.0225909.ref049]\]. A previous study from the same birth cohort data has shown that high alcohol consumption, low educational level, unemployment, and being single at age 31 predicted lower participation at follow-up examination and questionnaires\[[@pone.0225909.ref050]\]. This might have affected the results if the multiple imputation was not used. However, it should be noted that the selection of variables in multiple imputation model might also affect the results\[[@pone.0225909.ref051]\].

The current study also had several strengths. First, it had three different approaches to study the association between smoking and stroke risk: 1) smoking trajectories, 2) smoked pack-years, and 3) starting and ending age of smoking. Second, a large and unselected population-based birth cohort was used in this study with over 500,000 person-years of follow-up. Results of this naturalistic real-world data set are highly generalizable to Finnish population. The data collection started from the second trimester of cohort members' antenatal period and follow-up lasted up to 50 years of age. The data collection was prospective reducing the potential for information bias, and questionnaire and clinical examination data were combined with comprehensive nationwide registers. Information on stroke diagnoses were collected from nationwide registers that were complete and continuous without loss of follow-up. Third, the smoking status was measured at several age-points with several characteristics of smoking and the information on stroke diagnoses from nationwide registers was complete for the whole cohort. Finally, multiple imputation was conducted to reduce selection bias and loss of statistical power due to missing data.

Conclusions {#sec017}
===========

This study showed that accumulation of smoking history is associated with increased risk of stroke until age of 50 years. The increased stroke risk does not depend on the age at which smoking started. Given that the majority starts smoking at young age, primary prevention of strokes should focus on adolescent smoking.

Supporting information {#sec018}
======================

###### Variables used in the multiple imputation procedure.

(DOCX)

###### 

Click here for additional data file.

BMI

:   body mass index

ICD

:   International Classification of Disease

ICH

:   intracerebral haemorrhage

IS

:   ischemic stroke

NFBC

:   Northern Finland birth cohort

SAH

:   subarachnoid haemorrhage

TIA

:   transient ischemic attack
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2\. Further limitations to be discussed include the limited response at the last survey (56% of the original cohort), which may also create selection effects. Are the cohort members representative for the population, i.e. is the high smoking prevalence also seen in the general population? The authors should consider to introduce population weights to approach representativeness.

3\. Item response is also a severe limitation, as the authors note (27.5%). Multiple imputation has been used, but the authors do not report results without application of imputation. Please note that the abbreviation MI for multiple imputation may be misleading (myocardial infarction) and should therefore be avoided.

4\. The number of pack-years by age 46 appears to be rather low (15.8 pack-years on average), given that subjects started early (at 16 years of age). Is this number plausible/representative for the Finnish population?

5\. I do not agree with the notion that a non-significant result indicates "no association". Most trajectories show positive associations, which fail to demonstrate statistical significance though due to the limited power (as the authors acknowledge). Interpretation of "significance" as an implied "truth" when associations of 1.4 or more are considered lacking and HRs of 1.08 for pack-years are seen as important, is a severe distortion of the scientific process. Similarly, late quitters apparently do not indicate an association (HR 1.08, or \<1), whereas risk per pack-years by age 46 years show 1.04, but with statistical significance?
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The strength of the study is that it has three different approaches to study the association between smoking and stroke risk. It studies the association between smoking trajectories, cumulative smoking exposure and starting and ending age of smoking with stroke risk. As the scientific studies that examine heterogeneous trajectory patterns of smoking using finite mixture models has only started to accumulate, this paper is timely.
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Smoking exposure trajectories and risk of stroke until age of 50 years -- the Northern Finland Birth Cohort 1966 (PONE-D-19-20624)

Additional Editor Comments:

Major:

1\. As also noted by our reviewer, the biggest limitation of your work lies in the long gaps of 16 years between the different surveys time points. This needs to be critically discussed in more detail.

Thank you for pointing out this critical issue. We agree that this is a limitation of this study. We have now discussed this in more detail in limitation section of the study. We acknowledge that it is a major limitation of this study that smoking status was assessed only in three time points with questionnaires and these time points were long apart. However, information on starting and ending age of smoking was used to estimate the smoking status for each year in the gap periods. In addition, stroke outcomes were available for each day of cohort members' lives from national registers that consist of longitudinal data of each individual.

2\. Further limitations to be discussed include the limited response at the last survey (56% of the original cohort), which may also create selection effects. Are the cohort members representative for the population, i.e. is the high smoking prevalence also seen in the general population? The authors should consider to introduce population weights to approach representativeness.

Thank you for pointing out this issue. We have now added a new paragraph to the discussion section to address this limitation. The loss of follow-up is a problem in this study, as is the case for all prospective cohort studies. However, to reduce the selection effects, we have conducted the multiple imputation procedure. In multiple imputation, information on previous surveys was used to impute the variables of last survey.

Northern Finland Birth Cohort 1966 is an unselected and naturalistic cohort that includes 96.3 per cent of all births in the two Northernmost provinces in Finland (Oulu and Lapland) during 1966. Therefore, it is representative of the general population of Finland with the same age. Smoking prevalences of this birth cohort are similar to other population of Finland (<https://thl.fi/en/web/alcohol-tobacco-and-addictions/tobacco/smoking-in-finland>). Northern Finland Birth Cohort 1966 (<https://www.oulu.fi/nfbc/node/44315>) has similar characteristics as the general Finnish population (ethnicity, education, sex, rural/urban place of residence etc.) and loss of follow-up was taken into account with multiple imputation. Because of this, we do not think it is necessary to introduce population weights.

3\. Item response is also a severe limitation, as the authors note (27.5%). Multiple imputation has been used, but the authors do not report results without application of imputation. Please note that the abbreviation MI for multiple imputation may be misleading (myocardial infarction) and should therefore be avoided.

We agree that a limitation of this study is the presence of missing data both due to missing items and loss of follow-up (in total 27.5% of data missing). However, we reported the results of the complete case analyses (results without application of multiple imputation) as sensitivity analyses in the results section. We have now added more discussion about the differences between results of imputed data and complete case analyses. We have removed the abbreviation MI from the manuscript as it was misleading.

4\. The number of pack-years by age 46 appears to be rather low (15.8 pack-years on average), given that subjects started early (at 16 years of age). Is this number plausible/representative for the Finnish population?

Thank you for this notion. We added a new line to Table 3 to show also the average length of smoking exposure in years in each trajectory class. The mean number of pack-years seems to be approximately half of the mean duration of smoking years which suggests that the average daily smoking dose is around 10 cigarettes in this cohort. There are no previous studies reporting the average amount of smoked pack-years among Finnish individuals aged 50 years. However, the Eurostat statistics of European Union (<https://ec.europa.eu/eurostat/statistics-explained/index.php/Tobacco_consumption_statistics>) report that consuming more than 20 cigarettes per day is very rare in Finland. These statistics indicate that nearly all smokers in Finland consume less than 20 cigarettes daily and suggest that the mean daily consumption in this study is representative of Finnish population.

5\. I do not agree with the notion that a non-significant result indicates "no association". Most trajectories show positive associations, which fail to demonstrate statistical significance though due to the limited power (as the authors acknowledge). Interpretation of "significance" as an implied "truth" when associations of 1.4 or more are considered lacking and HRs of 1.08 for pack-years are seen as important, is a severe distortion of the scientific process. Similarly, late quitters apparently do not indicate an association (HR 1.08, or \<1), whereas risk per pack-years by age 46 years show 1.04, but with statistical significance?

We agree with the editor concerning the problems with interpretation of "significance" in our manuscript. We have tried to clarify the interpretation of the results in Results and Discussion sections. Because the pack-years are measured as continuous variable and smoking exposure trajectories are nominal variables, the interpretation of these results are not comparable. Hazard ratio for stroke per pack-year by age 46 is 1.04 which might not seem as clinically relevant as higher HRs of smoking trajectory classes. Nonetheless, if an individual had for example 16 pack-years, the risk for stroke would be 1.04 to the power of 16, i.e., 1.87. This is similar to HR for stroke among the smoking exposure trajectory class 'continuous smokers', and much higher than the HR of 1.08 of class 'late starters'.

It is true that non-significant results do not mean that there would not be any "true" association. Therefore, we have removed such claims from the manuscript.

6\. Some analyses in Tab. 3 need to be clarified: Cumulative exposure:

\- Risk by pack-year before age 31 years? What was analysed?

\- Starting-Ending age? What was modelled?

We apologize for the unclear presentation of the results. We have now clarified these in the manuscript. Pack years, starting age, and ending of smoking were studied as continuous variables in Cox regression model of any stroke, ischemic stroke, or haemorrhagic stroke. The results are shown as hazard ratios per pack year increase or increase of one year in starting or ending age. Starting age and smoking ending age of smoking were studied only among ever-smokers and were adjusted for smoked pack-years by age 46 years.

Minor:

7\. Abstract: Please state confounders explicitly.

We have now stated the confounders explicitly in the abstract.

8\. Methods: Please state how educational level was classified in more detail (years of education, which degrees?)

We have clarified the classification of educational level in the Methods section.

9\. How was PA measured?

We have added information on how physical activity was measured.

10\. Results: Model fit parameters should be reported.

We have added Table 2 to Results section to report the model fit parameters.

11\. Fig. Axes require description.

We have edited the Figure 1. We added description for axes.

12\. Tab. 2: Indicate all units in brackets. What is reported: means, medians? Please add footnotes for all abbreviations used.

We added footnotes for all abbreviations used and indicated units in brackets.

13\. Tab. 2: What is the criterion to be coded as non-smoker? NS reported on average 1.5 pack-years by age 46 years. Please add definition in Methods.

The smoking exposure trajectory class 'non-smokers' was formed in trajectory analysis, and therefore, some may have minor smoking history during their lifetime. We acknowledge that this is confusing, and we have tried to clarify this in the manuscript. We added a definition in Methods section.

14\. References: Some references are not according to PlosOne style (e.g., journal titles of Ref. 21, 22, 29, and 33 need to be abbreviated. Please add dois for all references.

We have changed the references to be in PlosOne style with DOIs.

 

Reviewers\' comments:

The strength of the study is that it has three different approaches to study the association between smoking and stroke risk. It studies the association between smoking trajectories, cumulative smoking exposure and starting and ending age of smoking with stroke risk. As the scientific studies that examine heterogeneous trajectory patterns of smoking using finite mixture models has only started to accumulate, this paper is timely.

However, conducting the trajectory modelling and especially reporting about the statistical analyses in the Results are not described in sufficient detail. The reader does not get all the needed information for evaluating the identification of trajectories and interpreting the sensitivity analyses.

The discussion could be more profound. For example, smoking has been studied in three time points (which is the minimum demand for identifying trajectories and therefore acceptable number), but the age points are rather long apart. Because of this, some smoking patterns may not be observed. Naturally, this matter cannot be fixed afterwards, but it could be discussed. Also, the paragraphs in the Discussion are partly disconnected.

Many statements and terms are unclear and terms need to be defined better / earlier in the MS. Additionally, the use of references is not precise in many parts, and references are missing. I suggest to rethink which references to put in the Introduction and which in the Discussion in order to have more fluent story and to avoid repetition.

The amount of my suggestions may give the expression that there are lot of revisions to do. Please, do not worry: most of my comments are minor ones. Even if I happened to notice misspelling, I corrected that too - just to help to improve your MS. Nonetheless, this MS could still be revised in language.

First, we would like to thank the reviewer of the evident investment of time and effort in reviewing our manuscript. All the authors of this manuscript acknowledge that we received most valuable comments not only for this manuscript, but also concerning the future research. We believe that these excellent comments from reviewer improved the manuscript greatly.

We agree that the reporting of trajectory analyses was insufficient, and we have now improved the reporting. We have added a new Table 2 to show the model fit parameters of trajectory analyses with 1-6 classes. We have also improved the main text of the manuscript in methods and results sections to provide more information for evaluating the identification of trajectories. We have also added more discussion about interpretation of the sensitivity analyses.

As the reviewer pointed out, one of the main limitations of this study is that smoking has been studied in three time point and they are rather long apart. This matter has now been discussed in more detail. However, it should be noted that in the trajectory analyses we used information on smoking status of each year of the follow-up. That is, we calculated smoking status for each age between ages 5 and 50 based on reported starting and ending age of smoking. Therefore, in trajectory analyses there were 45 time points based on which the trajectory classes were identified.

We have re-organized the discussion section. We believe that the paragraphs in the discussion are now better connected and the story is more fluent. We have made changes also to introduction section to avoid repetition. We agree that many statements and terms were unclear in the manuscript. We have now defined them better. We have added missing references.

We apologize the language errors of the manuscript as none of the authors is a native English speaker. We have revised the manuscript in language together with other revisions suggested by the reviewer.

Answers to the line-by-line comments are below.

 

Title page:

Line 4: It says that the author Ina Rissanen is part of the Department of Neurology and Neurosurgery and Medical Research Center Oulu (lines 7-9). However, in the submission data it is stated that Ina Rissanen is from the Universitair Medisch Centrum Utrecht.

Thank you for pointing out this error in the affiliations. We have now corrected the error.

Abstract:

Line 24: I would suggest to use a plural with "trajectory of smoking exposure" (so trajectories of...). After all, your aim is to study how the distinct smoking trajectories are related to stroke risk -- not to identify a single growth trajectory that assumes the individuals to come from a single population and can be described and approximated with one trajectory.

We thank the reviewer for this comment. We have corrected the terminology in the manuscript.

Line 24: "Life course" is spelled without the hyphen. Correct throughout the MS.

Thank you for pointing out this typing error.

Line 25: "Aimed" should be written in small letters.

Thank you for pointing out this typing error.

Line 25: The sentence would be clearer if you would use the term relationship / association here as well as you did in the background description.

We have added the word "association" to this sentence.

Lines 24--25: I would like to see you use the same term of the trajectories throughout the MS (either smoking exposure trajectories / trajectories of smoking exposure).

We thank the reviewer for this comment. We decided to use the term "smoking exposure trajectories" throughout the manuscript.

Line 28: Comma after the 1966 or rephrasing the sentence. It is difficult to read when two numbers are following each other.

We have added comma after "1966".

Lines 29--30: You also gathered data on smoking status at three age points. Mention that as well (or simply combine the smoking variables by stating that smoking behavior was assessed at ages 14, 31 and 46 years).

We combined the smoking variables in this sentence as suggested.

Lines 28--31: There is nothing about the statistical methods in the abstract. If the word count do not limit you too much, you might add a phrase on that.

Thank you for this notion. We have now added a sentence about the statistical methods to the abstract.

Line 30: Do not use abbreviations (ICD) in abstract.

We have now removed this abbreviation.

Line 33: Comma before the 352 or rephrasing the sentence.

We have added comma after "352".

Line 34: Put the statistical analyses in Methods, not in Results.

We thank the reviewer for pointing this out. We moved the part considering statistical analyses to the Methods section.

Lines 29--30, 39: It is not clear in the abstract nor yet in the methods of the MS what you mean by cumulative smoking and what are smoked pack-years. Please clarify the terms you use.

Thank you for this comment. After considering the terminology, we decided to delete the term "cumulative smoking exposure" entirely because it might be misleading. Therefore, we use only the term "pack-years" in the manuscript.

Introduction:

Line 43: According to the reference number 1, I believe that stroke is the second largest cause of death, but the third for disability. Please check the reference again and be precise.

We thank the reviewer for noticing this. Indeed, the reference number 1 stated that stroke is third largest cause of disability. We checked the reference and corrected this into the manuscript.

Line 45: You use the terms "young people", "younger age" and "young age" in your MS. Do you always refer to people under 50 years (like in line 45) with these terms? Generally, it feels strange to use the term "young" when referring also to middle-aged people -- even though I understand that the term "young" is used here since this is a young age to have a stroke. Nonetheless, please define somewhere (in the introduction or in the methods) what exact age you mean by "young" in the whole MS, use the same term throughout the MS, or consider using some other term (e.g., people under 50 years of age / young adults) to avoid confusion.

We thank the reviewer for pointing this out. We are now using the actual age ranges throughout the manuscript to avoid confusion and vague terms such as "young people".

Lines 45--48: Divide to two sentences from "however" onward. I suggest to do the same with many other long sentences (e.g., in lines 49--51, 55--58, 58--60). Check this throughout the text. Just to make the text more fluent, use also some other term than "however" to avoid repetition (e.g., nonetheless).

We have divided these long sentences into two and tried to avoid repetition of word "however" in the text.

Line 53: Again, I would wish precision with terms. What does "later in life" and "younger age" mean here? Could you give specific age?

We changed these vague terms into specific ages.

Lines 58--59: The references to these "Most previous studies" are missing. Additionally, there are previous studies that have already identified diverse smoking trajectories, e.g.:

\- Artaud et al. Trajectories of unhealthy behaviors in midlife and risk of disability at older ages in the Whitehall II Cohort Study. The Journals of Gerontology 2016, 71 (11), 1500-1506.

\- Brook et al. Developmental trajectories of cigarette smoking from adolescence to the early thirties: personality and behavioral risk factors. Nicotine & Tobacco Research 2008, 10(8), 1283--1291.

\- Chassin et al. Multiple trajectories of cigarette smoking and the intergenerational transmission of smoking: a multigenerational, longitudinal study of a Midwestern community sample. Health Psychology 2008, 27(6), 819-828.

\- Salin et al. Smoking and physical activity trajectories from childhood to midlife. Int. J. Environ. Res. Public Health 2019, 16(6), 974.

Please acknowledge the use of trajectory modelling in smoking studies. I suggest for you to use these findings either in the introduction or discuss the similarities and differences of the findings of other trajectory studies and compare them to your own findings in the Discussion.

We thank the reviewer for offering us these references. We have read these papers and added comparison of their findings in the manuscript. However, we do not feel that discussing in more detail about similarities and differences of these findings would improve the manuscript, because the main focus of this study is the stroke risk. We are preparing another manuscript considering the characteristics of different smoking exposure trajectories, and we will discuss these aspects in that manuscript.

Line 60: This is a bit difficult phrase to understand: "...they have different patterns of future smoking habits". Could it just be "...they have diverse / distinct /differing smoking patterns"?

We changed this to be "they have diverse smoking patterns" as suggested by the reviewer.

Lines 62--64: The reasoning for this study in lines 63-64 is good. However, references are missing again. What are the "most previous studies"? And how short is the "short follow-up"? Be more specific, please.

We added references and defined the length of short follow-up to be less than 50 years.

Line 66--67: Why not simply "...the effect of smoking on stroke risk depended on..."?

We corrected this sentence as suggested.

Line 69: Are the words "...effect of smoking to stroke risk..." missing here? Additionally, do you mean "during adolescence" or would "starting from adolescence" be more accurate in this context?

We did the corrections that the reviewer suggested.

Line 74: Define "cumulative smoking" here or in the Methods (preferably the first time you mention it).

As mentioned earlier, we have changed the term "cumulative smoking" to be "pack-years" for clarification.

Line 77: Would it be possible to use the exact age here (not the term "childhood")?

We replaced the term "childhood" with the exact age.

Methods:

Lines 82--105: I suggest you to give a subheading (3.1) for these paragraphs as well (e.g., Design and population of the study).

We added a subheading as advised.

Line 88: If accessible, give information of reasons why participants declined use of their data, and what were the reasons for non-participation later in the study (loss to follow-up).

Unfortunately, no information on reasons why participants denied use of their data were available. We have stated this in the manuscript as well.

Line 92: Please state the average follow-up time per participant in the current study.

We added the mean follow-up time to the manuscript.

Line 92: Add L to "health".

Thank you for pointing out this typing error.

Lines 98--102: If possible, divide to two sentences (long and difficult to understand).

We divided this sentence in two.

Line 102: Would it be possible to mention the registers' names here since you talk about them here for the first time?

We added the names of the registers.

Lines 107--114: It is not stated clearly whether the smoking variable is binary at all three age points (14, 31, and 46 years). It seems it's binary at the age of 14 and has three categories at the age of 31 and 46. However, on the line 174, you state that the smoking variables are binary.

We clarified this in the text. The smoking status was binary in all time points between 5 and 50 years.

Line 119: I suggest you to define in here the terms smoked pack years and cumulative smoking.

As mentioned earlier, we have changed the term "cumulative smoking" to be "pack-years" for clarification.

Line 123: This is the first time you use TIA. Please write the whole term open before using abbreviations.

We did the suggested correction.

Lines 127--128: The reference is missing.

We added references for this sentence.

Line 138: State in the 3.3 section the age points of the covariates.

We added information on the age points.

Lines 139--140: In the text you use terms low, moderate and high education and in the table 2 terms basic, secondary and tertiary. Be consistent throughout the text. Additionally, define what these education levels mean.

We corrected the terms to be consistent in the manuscript. Also, we added definitions to these in the method section.

Lines 140--141: The amount of physical activity seems rather high in table 2. Please define here more accurately how physical activity is assessed (e.g., does it include intensity, frequency, organized and unorganized activity, commuting, household work, leisure-time physical activity...).

The assessment of physical activity has been defined more accurately in the methods section.

Line 160: You use the term outcome on this line but it has not been defined in the text yet. It would be good to actually state somewhere that smoking is the exposure and stroke is the outcome.

We added a statement that smoking is the exposure and stroke is the outcome to the text.

Line 164: It is not necessary to write an abbreviation (here MAR) if you will not use it again in the text. Check this with all the abbreviations used.

The abbreviation was deleted.

Line 169: It is good that you made sensitivity analysis. However, the supplement 2 is not attached to the submission. Please add it.

We apologize this error in text. After revising our manuscript, we decided to include the information of supplement 2 in the main text of the manuscript, and therefore, it is not included in the supplement.

Line 173: Just to avoid confusion, I suggest not to use the term "cluster" with trajectory modelling since cluster analysis is a different type of statistical method. I suggest the use of trajectory, group, subgroup or class.

We changed the term "cluster" to be "class".

Line 175: (This is a side note for possible future trajectory modelling.) Usually binary variables are not used in trajectory modelling in order not to lose valuable information. Thus, if you would have a variable of smoking with wider scale (e.g., how many cigarettes does the participant smoke in a day), it might be more suitable for trajectory modelling. Nonetheless, you have solved the problem by using logit-based model which is acceptable.

Thank you for this advice. In future, we will try to identify trajectories also with wider scale variables.

Line 175: It is recommended that also the model with one trajectory class is tested and reported (see Schoot et al. The GRoLTS Checklist: Guidelines for Reporting on Latent Trajectory Studies. Structural Equation Modeling: A Multidisciplinary Journal 2017, 24: 451--467.). Thus, read carefully this paper and then improve your reporting of the statistics and results concerning smoking trajectories. Try to report all the points mentioned in the Table 1 (Final List of Items of the Guidelines for Reporting on Latent Trajectory Studies) in the Schoot's et al. article. Additionally, a table with the information from all the tested trajectory models (models 1--6) is needed in the Results. An example of this table (Table 2: Example Table With Hypothetical Results) is found in the above-mentioned article. It is important that the reader has the possibility to see the information criterion values, entropy values, average posterior probabilities and sample sizes per class of the different models in order to evaluate what is the importance given to the clinical significance of the modelling and what for the fit indices when choosing the final model.

We thank the reviewer for this essential criticism regarding the selection and reporting of trajectory models. We agree that also the one-class model should be tested, and the manuscript has now been supplemented accordingly. We have carefully read the guideline article referenced by the reviewer. Please find below the completed GRoLTS Checklist. We have also added a table summarizing all the tested trajectory models. However, as we used the PROC TRAJ (and not e.g. Mplus) to perform the trajectory analysis, some parameters were not available to us (BLRT, VLMR, entropy); instead, we used alternative parameters suggested by the developers of PROC TRAJ (in Jones et al., 2001) for model selection. We have therefore edited the GRoLTS table layout accordingly. To choose among the estimated trajectory models, we compared the BIC and AIC values, the Bayes factor, the estimated probabilities of group membership, class sizes, and clinical relevance of the classes relative to the aim of the study.

The GRoLTS Checklist:

1\. Is the metric of time used in the statistical model reported? YES

2\. Is information presented about the mean and variance of time within a wave? N/A (coeval cohort population with questionnaires at the ages of 14, 31 and 46)

3a. Is the missing data mechanism reported? N/A (no missing data in trajectory analysis)

3b. Is a description provided of what variables are related to attrition/missing data? N/A (no missing data in trajectory analysis)

3c. Is a description provided of how missing data in the analyses were dealt with? N/A (no missing data in trajectory analysis)

4\. Is information about the distribution of the observed variables included? YES

5\. Is the software mentioned? YES

6a. Are alternative specifications of within-class heterogeneity considered (e.g., LGCA vs. LGMM) and clearly documented? If not, was sufficient justification provided as to eliminate certain specifications from consideration? N/A (please see Jones et al, (2001))

6b. Are alternative specifications of the between-class differences in variance--covariance matrix structure considered and clearly documented? If not, was sufficient justification provided as to eliminate certain specifications from consideration? N/A (please see Jones et al, (2001))

7\. Are alternative shape/functional forms of the trajectories described? YES

8\. If covariates have been used, can analyses still be replicated? N/A (no covariates in trajectory analysis)

9\. Is information reported about the number of random start values and final iterations included? NO (available from the authors if needed)

10\. Are the model comparison (and selection) tools described from a statistical perspective? YES

11\. Are the total number of fitted models reported, including a one-class solution? YES

12\. Are the number of cases per class reported for each model (absolute sample size, or proportion)? YES

13\. If classification of cases in a trajectory is the goal, is entropy reported? NO (not available in PROC TRAJ)

14a. Is a plot included with the estimated mean trajectories of the final solution? YES

14b. Are plots included with the estimated mean trajectories for each model? NO (available from the authors if needed)

14c. Is a plot included of the combination of estimated means of the final model and the observed individual trajectories split out for each latent class? NO (available from the authors if needed)

15\. Are characteristics of the final class solution numerically described (i.e., means, SD/SE, n, CI, etc.)? YES

16\. Are the syntax files available (either in the appendix, supplementary materials, or from the authors)? YES (available from the authors if needed)

Line 186: Since the class membership might change slightly when adding outcomes, predictors, covariates, etc. to the model, it would be more advisable to do all the analyses within the same modelling meaning the identification of trajectories and, in your case, the outcome (stroke). This would be possible by using Mplus. Unfortunately, I am not that familiar with SAS so I cannot say if you could do all these analyses by using SAS (and not SPSS). However, I think your solution is acceptable -- especially if the posterior probabilities of the classes are high enough in all of the five classes and you will report them in the Results.

We thank the reviewer of this comment. We considered this when we planned this study. Unfortunately, none of us was familiar with the Mplus procedure and we decided to conduct the analyses with SAS and SPSS. In SAS PROC TRAJ application one cannot add the outcome in the model. We hope that in future we would gain more knowledge about Mplus trajectory modelling so we could truly compare these methods.

Line 189: Add Supplement 1?

We added the number 1.

Line 189: Change to "starting and ending age"?

We changed the sentence as suggested by the reviewer.

Line 190-191: Why adjusted only for smoked pack-years?

Can we find the response to this comment somewhere?

Results:

Line 196: Define person years.

We added definition to person years.

Line 197: Add "smoking" and shorten the end of the sentence to "...five different smoking patterns were detected".

We changed the sentence as suggested by the reviewer.

Line 202: Could you consider deleting the part "by themselves at least"? Gives an impression that these persons have only smoked alone.

We changed the sentence as suggested by the reviewer.

Line 203: I would change "tried smoking" to "smoked". This gives an impression that one should really try to be a smoker.

We changed the sentence as suggested by the reviewer.

Line 203: How much is "very short"? Less than a month? Less than a year? Be more specific.

We changed this sentence to be more specific.

Line 204: "Ever smoker" sounds odd. Could it be "...who had smoked regularly"? Or what you are looking for here?

We changed the sentence as suggested by the reviewer.

Line 214: The abbreviation TIA has been used previously in line 123. There is no need to write it open here (but you need to write it in line 123).

This correction was made.

Lines 215--217: Would it be possible to show whether the ages (42.5 and 37.3) differ significantly from one another? You discuss a bit of the matter in the Discussion which is informative. However, could you be more profound in Discussion (e.g., what does previous literature say about why the onset of ischemic stroke comes later than onset of haemorrhagic stroke? This matter has apparently been studied in reference number 5. Please discuss whether / how your findings support these previous findings.)

We did independent samples t-test to show that these ages differ significantly from one another. However, as the focus of this study is in smoking exposure trajectories and stroke risk, we did not discuss this basic characteristic of stroke population very deeply in this manuscript.

Line 221: This heading could be misunderstood. It could mean that you talk about smoking risk and stroke risk. I believe you want to point out how smoking is a risk factor for stroke. Please rephrase.

We rephrased the heading as suggested by the reviewer.

Line 224: When compared to who?

"When compared to non-smokers" was added to this sentence.

Line 226: "...an increased risk..."

Thank you for pointing out this typing error.

Line 231: Define cumulative smoking earlier in the MS.

As mentioned earlier, we have changed the term "cumulative smoking" to be "pack-years" for clarification.

Line 241: The HR of haemorrhagic stroke are rather different than in the original analyses. Additionally, the CI is rather high - probably due to low number of strokes. It's good that you talk about this limitation in the Discussion. However, please also discuss about the differences found between results of sensitivity analyses and original results in the Discussion.

We have added discussion about this topic. The main reason for this difference between imputed analyses and sensitivity analyses seems to be the low number of strokes in complete case analyses.

Line 245: Mark reference to the supplement material 2 (I assume you will add it to the MS)?

We added the information that was intended to be in Supplement 2 in the main text of the manuscript. Therefore, we did not add Supplement 2.

Discussion:

Lines 249--322: The first paragraph concerning the main findings is concise. However, usually the strengths and the limitations of the study are discussed in the end of Discussion. Thus, the second and third (and maybe even the fourth) paragraphs are in a bit unconventional place. Also, the Discussion between these results and previous findings could be more profound. Would it be possible, for example, to discuss more about the meaning of this study when compared to previous findings in this area (e.g., smoking trajectories from childhood to adulthood, associations of smoking and stroke in other high-income countries, etc.).

We would like to thank the reviewer of this critique. We have made some major changes to the structure and contents of the discussion section. We moved the limitations and strengths to the end of this section. We have added new discussion about the meaning of this study. We believe that the discussion is now more comprehensive.

Line 249: "...an increased..."

Thank you for pointing out this typing error.

Line 250: "...early quitters of smoking..."

We changed the sentence as suggested by the reviewer.

Line 251: "... stroke when compared to non-smokers."

We changed the sentence as suggested by the reviewer.

Line 264: This might be a good place to discuss the results from the sensitivity analyses.

We added discussion about the results of sensitivity analyses.

Line 268: Reference is missing.

Reference was added.

Lines 272--279: Some repetition within the paragraph. Please, truncate.

We truncated the paragraph.

Lines 275 and 277--278: Do you have knowledge about the magnitude and direction of the potential bias?

The magnitude and direction of potential bias could be considered to be shown in sensitivity analyses. Therefore, we added this notion into this sentence.

Lines 278--279: Use same tense within the sentence (now present and imperfect).

We have corrected this grammatical error.

Lines 282--283: Please, do not write in plural (previous studies) if you only have one study as reference. Nonetheless, this is an interesting point.

We corrected this error.

Lines 283--285: The ending comes too late and the phrase is difficult to understand on the first read. Could it be: "By contrast, a study examining young women found that, not the duration of smoking, but the dose of daily smoking..."

We changed the sentence as suggested by the reviewer.

Lines 285--287: Divide into two sentences. Period after "pack years". A possibility to start the next sentence would be: "Instead, the smoking trajectories...".

We changed the sentence as suggested by the reviewer.

Line 291: Reference is missing for the part "continuous smoking is related to higher cumulative smoking exposure".

We changed the sentence as suggested by the reviewer and added a reference.

Lines 293--294: Doesn't the Table 2 show that, indeed, the highest smoking pack years are among the continuous smokers?

Thank you for this comment. Table 2 indeed shows that. We have changed the text here to highlight this.

Lines 294--295: References are missing concerning the stroke being a rare phenomenon among young adults and concerning the strokes in Finland. Also, delete the preposition "in" in line 295.

References were added and the typo was corrected.

Lines 289--305: This paragraph also discusses a bit about limitations. Could it be placed close to those paragraphs concerning limitations?

We re-arranged the whole discussion part and this paragraph was places differently.

Lines 298--300: Indeed, if most of the participants started smoking at 16 years of age, the number of participants who started smoking at other ages might be that small that it explains why no associations were found. By contrast, I am not sure if the starting age at 16 explains why differences could not be found between the other trajectories and stroke. If trajectory modelling identified the five distinct subgroups, they, in fact, should be distinct -- if not by starting age of smoking then for some other reason. Of course, if there are many small trajectory classes, they might not have enough statistical power to show statistical differences. Nonetheless, the 16 years of age might not be the explanation.

We are grateful of this excellent notion. As the reviewer pointed out, the similarities in starting age might not explain the findings. We removed this discussion from the manuscript.

Lines 301--305: Here the discussion between the current and previous findings is interesting. However, in the reference number 32 the researchers have not identified smoking trajectories. They use linear regression in their analyses. Naturally, you may refer to this reference, but use accurate terminology.

We changed the terminology of this sentence. Thank you for noticing this error in our terminology.

Line 307: Delete the first "as". Also, sometimes you write "pack-years" and sometimes "pack years". Choose one or the other and use it throughout the text.

We changed the sentence as suggested by the reviewer. Also, we decided to use term "pack-years" throughout the text.

Lines 308--311: If this is the case, why not to identify the smoking trajectories by using the cumulative smoking variable? If not for this study, maybe for the next one to compare which works better.

We would like to thank the reviewer of this comment. This is a very good idea. In future studies, we will compare these two suggested methods of identifying trajectories. This is an interesting research topic and we will continue studying it.

Line 312: "Childhood smoking" was slightly unexpected term since not many children smoke. Please check the reference number 34: do they really have this result concerning childhood smoking or do they mean the duration of smoking from childhood onward?

The reference 34 uses the term "childhood" in their table showing the results of smoking between age 8-17. We changed this term in our manuscript to be more specific age range.

Lines 314--316: Again, do not write in plural (recent studies) if you only have one study as reference. Nonetheless, this is also an interesting point. Thus, what recent studies (line 314)? What previous studies (line 315)? Also, this would be a good place to mention one of the strengths of your study which actually followed the changes in smoking habits from childhood to adulthood. This is a strength of trajectory modelling in longitudinal studies. Other strengths of trajectory modelling can be found, for example, in the following reference:

\- Nagin DS. Group-based modeling of development. Cambridge, Mass.: Harvard University Press; 2005.

We have now discussed these suggested strengths of this study. However, to keep the text fluent and consistent, we added this discussion to the section with other strengths. We added references to sentences that were missing them and corrected the plural forms if only one study was cited.

Lines 319--321: Reference is missing.

We have added the references.

Lines 325--328: I ask you to rethink your conclusions. First, indeed, your findings show that cumulative exposure to smoking is a risk factor for stroke. The next part is a bit inconsistent, though: you conclude that the trajectories were not associated with stroke risk even though you have reported in Results and in Discussion that also continuing smoking trajectory is associated with stroke risk. Be consistent with reporting. Also, consider whether you can conclude that starting age of smoking is not crucial for stroke risk if the reason for not finding the association simply was a lack of statistical power. Finally, could you consider adding what is the meaning of these findings for public health or medicine?

Thank you for this comment. We have considered the conclusions and came up with new ones. There were indeed inconsistencies in the previous conclusions. We have also added interpretation of the meaning of findings to the conclusions.

Abbreviations

A list of all the abbreviations used would help the reader, including, for example, NFBC, CRHC, ICH, SAH, TIA, ICD, IS, BMI, etc.

We added a list of abbreviations.

Table 1:

Abbreviations used in tables should always be marked in legends. Usually abbreviations are not used in headings (here ICD). For a reader unfamiliar with ICD, it might not be clear with the first glance that these are codes. Maybe you could add the term "code" under ICD 8, 9 and 10 in the table.

We marked the abbreviations in legends. The abbreviation was removed from the heading. We added the word "code" under ICD 8, 9 and 10.

Table 2:

Period is missing from the end of the heading.

We corrected this typing error.

Number of missing data (n) under "All" and the trajectory classes could be reported as well.

The table is based on imputed data and there are no missing data. We added this notion to the legend of this table.

Terms used for education are not the same as the ones used in the methods.

We corrected them to be same in the text and in table.

Could "kg/m2" and "g/day" be in parentheses?

We added parentheses.

Table 3:

Could "(including IS and TIA)" be marked under "Ischemic stroke" and "(including SAH and ICH)" under "Haemorrhagic stroke"?

We changed these as suggested by the reviewer.

Remember to add in legends the abbreviations used. You should also state in legends with what variables were the models adjusted for and what does the text in bold mean.

Abbreviations and model descriptions were added in legends.

Why the number of strokes before 31 years, between 31-46 and before 46 years are not applicable? Use same words with ages in cumulative smoking (not by and before).

We apologize the unclear reporting. They are not applicable, because the variables were used as continuous in the model. Above, the numbers of strokes are shown for categorical variables. We have added clarification in legends. Also, the word "before" was corrected to be "by".

Also, mark the unit which is years.

We have marked them.

It is slightly difficult to understand from the Table 3 how to interpret the HR for cumulative smoking exposure. The text helps to understand it. Would there be a way to make this clearer also in the table?

We added the word "per" in front of smoked pack-years to clarify that the HR is showing the risk per one pack-year. We hope this would clarify the results. Also, we added explanations of analyses in legends.

Figure 1:

Please mark units for x-axis and y-axis. Please mark sample sizes or proportions of participants in each trajectory group. If possible, change the group numbers (1-5) to names of the groups within the figure.

We marked axes and sample sizes and changed the group numbers to group names.

Supplement material 1:

Why there is no information about the % of missing data from variable "use of other drugs at age 14" onward?

These variables were used in multiple imputation model only as predictors. We did not report the amount of missing data for these variables as they were not imputed.

Apparently 97.2 % had missing data on "age of stroke onset". Should this variable even be used?

This variable was missing for those people who did not have stroke and for 17 people who had stroke only according to self-report. Therefore, we used this variable in multiple imputation to impute the age of stroke onset for those self-reported stroke diagnoses. For healthy controls, no age of stroke onset was considered.

Supplement material 2:

Missing all together. Needs to be added.

The information that was supposed to be in Supplement 2 has been added to the main text of the manuscript. Therefore, no Supplement 2 was added.
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Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: No

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: MAJOR REVISIONS:

I can see the time and effort you have put in improving the manuscript. And indeed, it has improved. The definitions of variables and terms used are clearer. Methods are described better and the reader gets the information needed. The strength of the study still is the long follow-up time and new approach to study the association between smoking and stroke risk.

While the reporting of the trajectory modelling has improved considerably, there is a major limitation that can be seen now that reporting of the modelling is more precise. When interpreting the new Table 2 (Model fit parameters of trajectory models with 1-6 classes) it is difficult to understand why the researchers ended up choosing the 5-class solution as the optimal one for smoking trajectories. It seems that the AIC-values and BIC-values still decrease quite a lot in the 6-class solution. The sample sizes of the classes are still acceptable on the 6th step of the modelling. The proportion of participants in the smallest class is actually higher in the 6-class solution than in the 5-class solution. Additionally, the average posterior probabilities still seem to be very high -- which is of course a good thing.

For all of the abovementioned points, I do not find any reasons why the researchers did not continue even further with the modelling and why they chose the 5-class solution over the 6-class solution. This is the reason why I, unfortunately, cannot accept the manuscript to be published as it is. I suggest the manuscript to be rejected if no changes will be done for the trajectory modelling and if the results will not be changed according to the better fitted class solution. This is a reliability issue since the 5-class solution might not give the most reliable description of the smoking behavior of the study population.

Another major issue is the Discussion. While it has improved, there are still some inconsistencies and the discussion and conclusions between your own results and previous literature is not always logical. I have made some comments concerning the Discussion below.

MINOR REVISIONS:

-Terminology: I was actually thinking even on the first round of comments why you use the term smoking exposure, and not simply smoking? I just forgot to mention about it on the previous round. Smoking exposure usually includes active and passive smoking while your study concentrates only on active smoking.

-Typos: There are still typos in the text, for example, on lines 49 and 52 (periods lacking) and on line 58 (word "and" lacking). The typos should be checked once more.

-Lines 63-65: While the use of references has improved, there still are some imprecise ways to refer to other studies. For example, the references 18 and 19 are not studying longitudinal trajectories of smoking which means that the phrase in lines 63-65 is not accurate. Rephrase.

-Line 165: Thank you for adding the descriptions of the variables used. Now the reader knows, for example, that you use measures of leisure-time physical activity (LTPA), not physical activity (PA). I suggest to use the term LTPA instead of PA through-out the text.

-Lines 301-309: The reasoning is hard to follow because the comparing and contrasting is a bit disconnected. According to your results, the smoked-pack years show the dose dependent effect to stroke risk and the continuous smoking trajectory shows the meaning of smoking duration to stroke risk, right? Please be clear what you mean by dose and duration with your own variables and think through the comparing of your results to other studies (e.g., which of your results are in line with previous studies and which are contradictory when considering the effect of dose and duration of smoking).

-Lines 317-320: First, the part "reversal arterial changes" is a bit difficult to understand since you do not say whether you mean positive or negative changes, you just say reversal. The reader will understand what you mean, but you could state it clearer. All in all, this is an interesting sentence. However, I find your sentence following the reference number 43 to be a bit confusing. Your findings actually are contradictory to the findings of the reference 43, right? You found the early quitters to have increased risk for haemorrhagic stroke. Maybe you could think through which of your results to link to the reference number 43.

-Line 326: Would it be better to place your findings concerning the risk of stroke for the continuous smokers after the reference number 44? Just a suggestion.

-Think when to use the term age and when the term time (e.g., lines 303 and 384).

-Reference list: The reference system that you use has not worked as you probably hoped. I saw at least in references 19 and 34 that the names of the authors have not been transferred correctly. It is only fair that the authors' names are written correctly since this is the way the researchers get acknowledged from their work. Please check the reference list.

-Figure 1: This figure has improved and it is clearer. However, the name "middle quitters" does not really say a lot. Could it be, for example, quitters in mid-age or late quitters? I know it's tricky to give names to the classes and try an separate them from one another. Still, maybe you could reconsider this name once more.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Smoking trajectories and risk of stroke until age of 50 years -- the Northern Finland Birth Cohort 1966 (PONE-D-19-20624)

Reviewer \#1: MAJOR REVISIONS:

I can see the time and effort you have put in improving the manuscript. And indeed, it has improved. The definitions of variables and terms used are clearer. Methods are described better and the reader gets the information needed. The strength of the study still is the long follow-up time and new approach to study the association between smoking and stroke risk.

Re: We thank the reviewer for these comments.

While the reporting of the trajectory modelling has improved considerably, there is a major limitation that can be seen now that reporting of the modelling is more precise. When interpreting the new Table 2 (Model fit parameters of trajectory models with 1-6 classes) it is difficult to understand why the researchers ended up choosing the 5-class solution as the optimal one for smoking trajectories. It seems that the AIC-values and BIC-values still decrease quite a lot in the 6-class solution. The sample sizes of the classes are still acceptable on the 6th step of the modelling. The proportion of participants in the smallest class is actually higher in the 6-class solution than in the 5-class solution. Additionally, the average posterior probabilities still seem to be very high -- which is of course a good thing.

Re: Previously, we decided to go with the five-class model since we felt that it had more clinical relevance than the six-class model. We hoped the study to be helpful for clinicians and health policy makers when assigning the stroke primary prevention strategies. As suggested by the reviewer, we now present the 6-class solution.

As we now present the results of 6-class trajectory model we also re-considered our previous sensitivity analyses. After consideration we decided not to conduct complete case analyses of non-imputed data as sensitivity analyses as presenting them might be contradictory. Multiple imputation procedure was conducted to prevent bias due to missing data, and therefore, we decided to leave out the sensitivity analyses showing possibly biased results for only those subjects with no missing data. If the editor or the reviewer wishes, we can of course conduct the sensitivity analyses and add them to this manuscript.

For all of the abovementioned points, I do not find any reasons why the researchers did not continue even further with the modelling and why they chose the 5-class solution over the 6-class solution. This is the reason why I, unfortunately, cannot accept the manuscript to be published as it is. I suggest the manuscript to be rejected if no changes will be done for the trajectory modelling and if the results will not be changed according to the better fitted class solution. This is a reliability issue since the 5-class solution might not give the most reliable description of the smoking behavior of the study population.

Re: We now also conducted a seven-class smoking trajectory analysis. Previously we did not go beyond the 6-class solution, because we followed the literature that recommends not going beyond a 6-class solution because they may be more difficult to interpret, less clinically meaningful, and may include one or more classes with small sample size\[1\]. However, when we modelled a 7-class trajectory, the model did not converge, and we decided to stick with the 6-class solution.

Another major issue is the Discussion. While it has improved, there are still some inconsistencies and the discussion and conclusions between your own results and previous literature is not always logical. I have made some comments concerning the Discussion below.

Re: We made changes to the Discussion section as suggested. We would like to thank you for your comments and suggestions. We have answered the detailed comments below. We truly hope that the Discussion is now more consistent and logical.

MINOR REVISIONS:

1\. Terminology: I was actually thinking even on the first round of comments why you use the term smoking exposure, and not simply smoking? I just forgot to mention about it on the previous round. Smoking exposure usually includes active and passive smoking while your study concentrates only on active smoking.

Re: Thank you of pointing this out. We changed the term to be 'smoking' instead of 'smoking exposure'.

2\. Typos: There are still typos in the text, for example, on lines 49 and 52 (periods lacking) and on line 58 (word "and" lacking). The typos should be checked once more.

Re: Thank you of noticing these typos. We corrected them.

3\. Lines 63-65: While the use of references has improved, there still are some imprecise ways to refer to other studies. For example, the references 18 and 19 are not studying longitudinal trajectories of smoking which means that the phrase in lines 63-65 is not accurate. Rephrase.

Re: We rephrased this sentence to be more precise.

4\. Line 165: Thank you for adding the descriptions of the variables used. Now the reader knows, for example, that you use measures of leisure-time physical activity (LTPA), not physical activity (PA). I suggest to use the term LTPA instead of PA through-out the text.

Re: We changed the term 'physical activity' into 'leisure-time physical activity'.

5\. Lines 301-309: The reasoning is hard to follow because the comparing and contrasting is a bit disconnected. According to your results, the smoked-pack years show the dose dependent effect to stroke risk and the continuous smoking trajectory shows the meaning of smoking duration to stroke risk, right? Please be clear what you mean by dose and duration with your own variables and think through the comparing of your results to other studies (e.g., which of your results are in line with previous studies and which are contradictory when considering the effect of dose and duration of smoking).

Re: We made changes to this paragraph. We acknowledge that the earlier paragraph was unclear. The smoking trajectory of continuing smoking is supposed to represent the duration of smoking, however, they also have highest number of pack-years that represent dose\*duration. The intensity/dose of smoking was not studied separately in this study.

6\. Lines 317-320: First, the part "reversal arterial changes" is a bit difficult to understand since you do not say whether you mean positive or negative changes, you just say reversal. The reader will understand what you mean, but you could state it clearer. All in all, this is an interesting sentence. However, I find your sentence following the reference number 43 to be a bit confusing. Your findings actually are contradictory to the findings of the reference 43, right? You found the early quitters to have increased risk for haemorrhagic stroke. Maybe you could think through which of your results to link to the reference number 43.

Re: We changed this paragraph to be more precise. We rephrased the part describing the arterial changes to be more clear for readers. We have also made the following sentences more clear. As the etiologies of ischemic and haemorrhagic strokes are different , our findings are not contradictory to findings of Bogalusa Heart Study. Trajectory classes of those who quitted smoking at young age had increased risk of haemorrhagic stroke that usually is not related to arterial thickness (ICH can be related to arterial thickness, but ususally SAH is not). Also, the onset age of haemorrhagic stroke (especially SAH) is different from that of ischemic strokes.

7\. Line 326: Would it be better to place your findings concerning the risk of stroke for the continuous smokers after the reference number 44? Just a suggestion.

Re: We re-arranged the Discussion section as suggested. The findings concerning the stroke risk of continuing smokers come now after the reference 44.

8\. Think when to use the term age and when the term time (e.g., lines 303 and 384).

Re: We changed the terms to be more precise.

9\. Reference list: The reference system that you use has not worked as you probably hoped. I saw at least in references 19 and 34 that the names of the authors have not been transferred correctly. It is only fair that the authors' names are written correctly since this is the way the researchers get acknowledged from their work. Please check the reference list.

Re: We corrected the reference list manually as our reference system seemed to fail.

10\. Figure 1: This figure has improved and it is clearer. However, the name "middle quitters" does not really say a lot. Could it be, for example, quitters in mid-age or late quitters? I know it's tricky to give names to the classes and try an separate them from one another. Still, maybe you could reconsider this name once more.

Re: Since we included the 6-class solution we renamed most trajectory classes except for non-smokers and continuing smokers.

References:

1\. Nagin DS, Odgers CL. Group-Based Trajectory Modeling in Clinical Research. Annu Rev Clin Psychol. 2010;6: 109-138. doi: 10.1146/annurev.clinpsy.121208.131413.
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Dear Dr. Rissanen,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Thomas Behrens

Academic Editor
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Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Now it was a pleasure to read your manuscript. The Discussion was clearer and the reasoning for choosing the number of trajectory classes was better. Thank you for your comprehensive answers to my comments. I myself also learned something from them which is always nice in the reviewing process.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No
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